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INTROLUCTION

The rese:irch on Hupalm conducted Ly Ferro irier ané Chemicnl Co.
haa covered the vhole menufecturing srocess but huc concentrated on cer-
tain phases of Jjroduction. 7Though reseurch on the various monufucturing
operctions wus not concucted secuentially, nevertheless an exumiination
of conclusions is most inform-tive vhen the operationul sequence is used
as o guide. Por thic reason the report follows this outline:

i, Lev_materiels Used,

1. Aluminum Sulicte
2. Red 01l

1. Preparation of the Sodium Soay,
1, secic¢ Rutios

2. Soup Concentration
I. P2lent Control of the Sodium Soap

P dyitation of the Hu
1. Geculred Type of agitation
&. Legree of V.ashing heguired

8. Fectors Influencing Oxidetion of the
Napalm,

IV, Drying of the Navelm,
1. ?’roser Oven Conditions.
Packaring of the Nepalm
1. iuioisture borption.
VI, Application of Hupelm Gel,

1. commstion ol Gel.

VIl. Unmodified Maphthenates as Napalm Sybstitutes,




ASSTKACT OF REPORT

L. Raw Materials Used,

1, Aluminum Sulfate, It was found desirable to keep iron and
manganese sulfate at very low concentrations in aluminum sulfate to
be used for Napalm manufacture but the use of sodium ferrocysnice to
fix the iron in a Mapalm insoluble complex is of great aszistunce if
high purity aluminum sulfate cannot be procured.

2. Listilled Fed 6ils having titres of from 5 to about 15°
were determined to be quite satisfactory for Napalm manufacture.

I1. 2reparation of the Sodium Soa&p.

1. A 50 coco, 25 oleic, %5 naphthenic acid formulation appeared
to be most satisfectory for Napulm manufacture. The absence of olei~
acid caused poor adhesion of the gel and high naphthenic acid caused
undesirable sintering of the socap during menufacture.

2. & 123 sodium soap wes found most desirable for the precipita-
tion of Napalm.

3. houtine titrations cen be used to determine the concentra-
tion of sodium soap and the combined - uncombined NaOH ratio in the
sodium soap so as to closely control the kiapalm.

111, Precipitation of Naoalm,

1. Propeller tyoe agitotion can be used very successfully in the
preparetion of Najalm if precipitation conditions are adjusted correctly.

2. An initiel seporation of mother liquor aiter precipitation
of the Hapalm follo.eC by an hour soaking in a 27 solution of aluminum
sulfate produced lapalm as sstisfuctory as matericl which had been very
thoroughly v.ashed with tap water.

8. Several factors have been found to affect the length of the
induction period of Napulm. ‘ihus:

a. & pulp of high >H had & considerubly shorter
induction period thzn one of low pH.

b. A rise in tempereture from 160° to 195° F.
reduced the induction period to 71 - 2Z7 of
thet founc ot the lovier temperature.

The use of 0.1+ & - nophthol in Rapalm
contributet excellent srotection &;cinst serial
oxidation if oxidction cotalysts such as iron
soa 8 v.ere present in smaell amounts.
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d. Iron in a Nepalm soluble form, es for example
en iron soap, ves very much more active as an
oxication catalyst than insoluble forms such
as the hydrate.

‘ ‘1Y, Lrying of the Napalm,

1. Irying experiments indicated & Napalm dryer would be
satisfactory if the a ir stream had a linear velocity of epuroxi-
mately 525 ft/min. and 2 temperature of 160° F. A coke depth of
1.5 in. was satisfactory.

'} ackaging the Nepalm

1. Packaging of Napalm should be as rapid as possible in
order to avoild excessive moisture pickuy.

Yi, Applicetion of Mavalm gel,

1. The addition of megnesiun or B powder, Thermite, or Thermite
and magnesium povider to 8, Napalm ~ gasoline gels dié not improve com-
bustability or flame temperature. Combustion of the metal v.as incom-
plete and occurreé only vhen the gel had almost ceased burning.

VII. Unmodified Maphthenates as Najulm Sybstitutes.

Unmodified aluminum neohthenates were prepared und examined to
determine vhether they shovied any advantages over Napalm as gasoline
gelling meteriels. Though certain naphthenates apjecred as setisfactory
as Napalm there were no clear cut advantages apparent. .
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finy lieteriels Used.

l., Zluminum Sulfecte.

Larly in the Mapulin progrum it uppeared doudtful vhether
aluminum sulfute could be obtained vhich was sufficiently lowv: in
iron to be sctisfactory. It vas considered, ¢né later corroborated,
thet the fixing of the iron as a compound insoluble in Mapelm vould
greatly diminish its activity as en oxidetion cctolyst. The addition
to the eluminum sulfote solution of sufficient sodium ferrocyanide
to fix the iron present and leave a 100~ excess vas found to stabilize
the Napelm to cerizl oxicdation on drying and during subsequent storare,
The Prussian «nd Turmbull Blues formed fixed the iron (as hirh os
0.255 vas used) very well in ucid solution &nd any subsequent decompo-
sition in the alkaline sodium soap produced relatively inzctive hydrate.

2. lled 0il.

Throughout & pert of the resetrch prorrum 8 - 10° titre dis-
tilled Red 0il vaus in free supply ené wus used to produce satisfoctory
Napalm. Commercial srocuction vas then chanred to a 10 - 1%2° titre
product. To determine the effect of such & chanfe a 10 - 12° titre
Red 0il v.ac chilled and separcted into = fraction liquid «t 5° C. ond
another fraction solid vt 5° C. These vere incorporated in represento-
tive 50 - 25 - 25 llopalm formules and the followiny resuits secured:

Red 0il Consistency Consistency
Frection 150° 24 hr. R. T. <8 hr.

Liguid 5° G00 e

Solig 5° G40 950
From this it is apourent that moderate chanyes in the titre of

the red oil used cdoes not aifect the consistency of the Rapalm though

the sarticle size of the precipitcte does become smaller ag the titre
rises,

ReSTLICTEL




11, 2revarction of the Sodium Soa
l, fcig Ratios,

The most commonly used Napalm formula contained 507 coconut
fatty acids, 257 naphthenic acids, and 255 oleic acid. Keeping all
vrecipitation conditions the sume but reducing the oleic anc coco
acid content and raising the naphthenic ucid content was found to
produce soaps which sintered much more reac¢ily than reguler upelm.

Complete sintering seemed to develop the maximum gasoline sol-
vation and setting time., 1hether it was composition, temperature,
or compression vhich brought about the collapse of particle voids,
the solvation and setting time vrs greatly extended as compared to
the tyose reedily permeated by solvents.,

The following table indicates the change in properties brought
about by removing oleic acid from the formulution:

Coco % 70 75 65

Oleic % - — -

Naph % 30 25 35

Caustic 26.5 26.5 26.5

48 hr. 475 515 495

7 day 560 565 305

24 hr. 9 150° 505 535 495

Set 13.5 min 6.0 min 14.% min.
Zoor 2oor Poor

Comments i.dhesion Adhesion idhesion

2. Sodium Soap Concentration.

There appears to be a definite disadvantage in operating at
very low sodium soap concentrations. The following table indicates
the changre in the strenpgth of gels prepered from the finished Nzpalms:

Conc. Sodium Consistency Consistency
Soap. 24 hrs,) 150° 48 hrs, ? R. T,

123 655 790
87 550 700
43 450 660

As the soap concentration increased the particle size of the
precipitated Napalm also increesed.

RESTHICTEL
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$s Plant Control of Sodium Eoap,

In order to check an elaline sodium soay to determine the
combined - uncombined NaOH ratio, two simple titrations cen be used
as an excellent control.

Titration to shenolphthelein with stcndard aci¢ in the pre~
sence of neutral ethyl alcohol at leaust egual in volume to the final
volume of water present measures uncombined FaOH. Titration to methyl
orange with standard acid, vhile holding the sodium soap near the
boiling point measures both combined and uncombined MaOH. If both
titrations are besed on the same weight of sam)le, it is Jossible to
calculate the concentration of sodium soap in the solution irom the
combined alkuli titration enc the scid voelue of the acid mixture usecd,

The ratio of combined NuOH to free iuQH is culculoted as follows:

HCl Titration of total NuOH - HCl titr:ttion of free PuQH = ratio
.dCl titration oi free itOH

Thus any change in a predetermined rutio can be ch.cked and
errors corrected at on early stuge in the Jrocess.




111, Precinitation of Napalm.
l., Required Tyose of sgitation,

In checking the effects of agitetion it vas founé that in-
creasing the rote of agitution during grecipitation cnused « decreuse
in settin; time. However, by raising the temperature at vhich the
aluminum soap is precioitzted the setting time mey be lengthened though
not nearly enough to offset the effects of rapid agitation.

The degree of agitotion during the finzl stage of precipita-
tion i: of special importunce since a great deul of aggregation occurs
in o very short time at this point. If the agitation is too great,

fine particles form, if too slow, large a;zgregates form vhich ure diffi-
cult to disperse,

luring plant operations it vas found thet when cither two 18"
tvo 14", or one 14" end one 1G" uropellers rotating at 350 k. P. .,
vere placed in as meny as 15 different positions on u shaft mounted

centrally in a 7 ft. diemeter tork the percentage of porticles through
40 mesh only varied trom 7 to 9.

2, Tegree of Vashing keguired,

After the precipitation of MNoponlm the hyérated pulp is vashed
to a greater or less degree to remove sodium, aluminum and/or double
selts end any unreacted sodium-soas in the precipitate. It hes been
the experience of the Ferro group thet more effective then washing to
remove occluded sodium soap is the treatment viith dilute uluminum
sulfate after an initial separation of high solt content mother liquor.

The following data concerns Napeclm precipituted using saprey
aluminum sulfete, the Nupalm being treated as indicated after an ini-
tial seperation of mother licuor:

Consistency
Type Treciment «4 hrs, N 150°

No treutment

15 min., 80° F. &3 alum

45 min. 80° F,

2 hrs., 80° F. -

¢ hrs. 150° F.

4 hrs. 80° F.

6 hrs. 80° F.

20 hrs. B0° F. 600

There v.as no further viashing after the alum solution veas
drained ovay.
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To determine vhether Nopclm wes harmed by the presence of
substantial amounts of the salts left when Napalm was not viashed ex-
tensively a reguler Nopclm pulp vias treuted as noted in Table I. It
18 obvious thet ordinary ilupalm is but slightly sensitive to the
salts present when only moderate vashing is practiced.

3. Factors influencings oxication of Nooalm.

It vwc8 considered the rate of oxidation of Nanalm, as in many
organic reactions, might be dependent on changes in the pH of the
pulp, nature of the oxication catalysts present, etc. To follow the
eerial oxicetion of the Hopalm, iodine numbers :.ere ceterminec ut
reguler intervals, the induction perioc beine taken as the time to
reach the point at ihich the iodine number stiurteé to drop.

Najalm of the followiny composition wus used for the vork
summarized in ioble 1I.

505 Coco ncid (vhole nut rrade, E. F. Lrew)

25% Oleic (distilled 8 - 10° titre, Century Stearic)
255 Haphthenie (Stanco aectified)

5.7, AL(fluninum Sulfate, [ulont Victory Grode)

The oxidation tests viere run in insulated pipes through vihich
air at 160° F. of ambient relative humicity wes pacsea at a linear
velocity of 500 ft./min. The Kuseln was éried in 3/4 inch layers in
screen trays lined with cheese cloth ancC gll Iz)alm was screened to
pass 10 mesh. ‘et wapelm (50~ HoO) wus churgec und observed to dry
satisfactorily in the period previous to initial sewmpling, i. e., 24
hours. Thereafter the meterial vas well mixeé ot eoch sumpling.

The conclusions which cen be dravn from the data presented in
Table II follow::

a. The oxicetion apparatus gives re,rocucible results
as indici:ted by the good checks on the induction periods
of Batches Ros. 265 end 266G,

b. The length of the induction period of Napelm appears

to be a function of the pH of the vet pulp. Thus, slight-
ly acidic sulp from No. 301 had an induction seriod about
505 longer than the same pulp which vas slightly ulkoline.

c. The rate of oxidation of Napelm chanjes vary merkedly
with chanies in temperature. Thus, & rise in temperature
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from 150 to 195° F. recduees the incuction period
to £1 - 277 of that found at the lower temperature.

d. The use of antioxidants, so long as they do not
funetion as peptizing ugents in the coneentretions
vseG, ajjeer to improve oxidation resistunee morkedliy.
U. 0. 2. #5 is useful, flphenil essists consicerably,
vhile ,X - nephthol ic tremendously potent in ore-
venting oxidation.

e. iny evaluotion of the effeetivencss of antioxicents
shouic be so eonduetec thut the alr strecaus passing
over various sznoles do not mix. It apjeers sleam
¢istilletion ¢uring the initisl cdrying stuge cun v or-
ize antioxicent from one sumpjle onto another anc so
modify the oxication of other sumdles,

{f. Iron in a form soluble in Nupsalia, as for example,

un iron soap, is very active s5 an oxication catulyst
whereus cin incoluble form sueh &s the oxice is relutive-
ly inert. From ¢ procduction angle this means that iron
ezn be toleratec to soime Cegree in the fatty ceids used
to form the alkaline sodium soaps but is very deleterious
if present in the aluminum sulfate.

The tuble belov summcarizes the date on Liupalm prepared using
virtually the sume formuln as given above. Though very substantiul
quantities of oxidation catalysts are present, the gels prepored from
the soap are cuite satisfactory thus eonfirming the exveetntion that
soa)s very suscejtible to oxidation cun be satisfuctory until their
indvetion period is erececded. Ghe Napelm prepored from alum eontsin-
ing iron sults oxidized extersively on storage.

Samole 2

Alum Cone.
o2 Cone.
Jrecio. Temy.°F.
Set Time, min.
Consistency
48 hrs.? r.7.
Consistency

7 days ™ R.T.
Consisteney
4 hrs.” 150°
# retal Added

How scded
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IV, Lrying of the Najyelm,

« 2roper Oven Conditions.

Initial vork on drying indicated that llapulm could be dried
in 15 to 20 hours £t 160° T, vhen the moisture content of the julp
was between 507 and 55. and the cake depth 1-1/2 inches.

The effects of initiel moicsture content, cuxe depth, and air
velocity are shovn in the following table.

No. Semple Lrying Mne 4tir Velocity — Coke , Tr 5 on
Hrs. ft/min. Lepoth 2 & mesh
St

Ce
16.5 I8 1.5" 10
16.5 3¢5 1.5" 10
16.5 2L5 1.5 10
16.5 €5 1.5" 10
21.0 3F £.0" 10
£Z. ze5 2.0

19.0 ”15 1.5"

All semples Gried 2 160° in cloth bottom tray.

From this date it appeers that high air vclocities are unnecessary,
since a 50 increase gave o decrecse in drying time of only 13.3.
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Packaging of the Napzlm.

1. Hoisture Sorntion,

o thal a bebter icex might be obtuined of the difficulties
to be met in the plent kec)ing the moisture coritent of the Nupela be-
low 0.87 the folloving moisture sorption ¢ate urs cbteined.

i, H. = 503% Temp. = EC® F.

Period of rorous Huapalm Jorous Neaoalm Vitreouc
Lxposure 1/8" Layer 1" Layer Rasalim

1/¢" Luyer

5 min 20 115 S20¥%
15 min , 565 +45,
20 min. . JZ55 . .G5%
Z5 min. 8 .38 637

This extreme hygroscopicity imckes operations especiclly diffi-
cult in humid wvezther.

HLSTRICTEL




VI. Apolicution of Pevalm Gel,

1. Combustior of Gel.

In zn effort to improve the cowbustehbility of Nupala Cel,
other ameteriuls vwere incorporcted with the rels and flame tempero-
tures detemined liy use ot the ostiecl pyrometer. Conditions for
all teste vere xept constint, onc trijplicetec of ecch series vere
run vith the results o ghov telov:-

Haterial Lverovpe Flare

avercge burning
Terseratire © T, Timec_in seconcs.

Unthickened Gosoline 0.6 10C
Gel + 1/25 lg. 7046 112
Gel + 1, iig. 2040 1i6
Gel + 2, g, 2040 1z3
Gel + &, Tnermit «0Z0 102
Gel + 17 Lg. 1. Thernit 20:6 114
tel + 27 E Povcer «023 11¢
Straight 83 Gel 2008 112

In each ctse the posoline in the Nupelm gel burned almost
completely before cry combustion of metol occurred. . Cetermination
of the tempercture of the gel incicuted it remcined close to room
temperatlure until virtually a2ll the solvent vas evuporated because
of the coolin; effect of the evoporation. Comoustion of metal uas

almost nil becruse cof the lov temperature in the gel and the sealing
effect of the soap.
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Vii. Unmocified MNuohthenates &s MNunalm Substitutes.

Eerly in the recezrch on the keolm type of soaps it be-
came agyarent thct sorption of moisture ond the oxicdution of the
acié radiculs vere two foctors which merkedly affected the churce-
teristics of the soaps. becausc commerciul naphthenic wcid contiins
only small amounts of readily oxidizeble unsuturated compounds enc
substantial amounts of naturul cntioxidants, unmodifiec aluminum
naphthenate might be expected to show consider:bly grecter resist-
ance to aericl oxidation than Napelm conteining no acded antioxidents.

The relative imerits of the tvo %inds of socp, now that an
antioxidant has been included in repguler llupelm, 18 not knovn.

To secure a better icec of the advanteges of the unmodified
naphthenates as compered to Ne:pulm, some of the faectors involved in
oroducing the former vere investiguted. The results of this vork is
reported below.

Eav licterizls, Unlesrc otheri.ise noted the ruw moterials used
met these specificatione:

1) Haohthenic scic 244 A, V.
Supplier - Sté. of Cal.
selc Value - 246
Lay. Value - 7249
lodine Value - 9.5
Color - Lark amber
5 Fe - 0.08

Reghthenic Aeid 281 4.V, - Stanco fectified,
Suoplier - Stenco Listributors

acic Volue - £59

Sup. Value - 263

lodine Value - 8.9

Color - Pecle Yellow

5 Fe - 0.002
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. 8) Aluminum Sulfcte
Supplier - CGenerul Chemical
lm - 0.004

4) Ceustic Soca_
Suyplier - iichigen Alkall

'.1) Preparction of Socps of Veriuble besicities,

A series of aluminim nashthenates vere orepared in vhich
the free caustic content of the soaps vas gracuclliy incressed. The
data on these butches are sunmurized in Toble 111, It is believed
the difficulties met in the )»irnt vhen handling an aluminum naphtae-
note prepared from i soéa cou) less basic thun ebout 300 g 'a0H/1000
g ceicd vould meke such & product uncesircrble.

toth the nuaphthenic wcics .oroovuced soaps vwhich vere satis-—
factory when the basicity ives hiph enough. There vas little apparent
difference in their resistince to sintering dvring érying.

?) Veristion oi Concentrations.

[ate in tzble 1V yertrins to soaps prejured by verying the
concentration of reuctunts, the temuer:ture of yreecipitation, «ng in
one case, the time of aédition. ‘Lhe conclusions reached follov.:

+) The aluminun sulicte solution concentration is
best meintained at 30 - 445 to secure « satisfactory
porticle size.

_ b) a 155 sodium cou) scems Jreferuble to lover con-
centrations i very fine uarticles are to be uvoided.

¢) The jrecipitation temperzture must not be too
lovw if fine p:rticlec tre to be uvoided.

8) Conting upents,

Hycruted aluminum napjhtheratevhich exhibited some tencency to
=tu-o during the dryins process vwes cocted with 55 e) starch and b
526 it talc. Ctorch mede the sticking during drying more severe and
talc helped only a small umount.

4) From the c¢xjerience guined in prepering the other nuphthe-
nates, stenccrd jrecipitotion conditions vere established enéd three
batches of 210, 417 enc 516 g NuUH per 1000 g acid were srepjcred from
each naphthenic ¢cid, These batches viere crrefully c¢ried, screened to
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18,

pass 6 il,redried and bottleé. These socus vere used for further
testing ané the consistencies of their 6 -els uhen Gispersed in
S. 0. L. test zssoline are Lobulated in iiole V.,

5) ioisture Sorption. It v&s considered of Interest to
note whether tie unmocified ncu)hthenates sorbed moisture as rapidly
and to the sume degree as ordinary Lupulm. The molsture avsorption
rates noted io L:ible VI veru determined using Z/¢" lusers of
muteriul exposet uncer sictic concitions wi B0° r. &S50 He H.

) 8) Gener:ul Ch-pucteristics, Clu.r.cteristicc of the unmoci-
{ied ncjohthenntes vhich huve been investip:ted only briefly ure
as follows:

a) -urning hotes,  Light percent Nuxlm and straight
eluminum naphthenute gels viere burnec anc the burning
r&tes foun¢ to be comparcbhle,

b) ixtensibility, f1he extensibility of the aluminum
nehthenate gels nooerrs comp:.rible to thet of llepelnm.

¢) Cohesion, <Cohecion in small siz: contciners offeis
no greut difficultles thourh it mi;ht cause trouble with
ler;e oockeges. L corting tpgent for thc driec najhthe-
nate vouléC probibly hel, considerubly.

d) Oxi¢ction, The incuction periocs of ull of the un-
modified cluminum necohthenctcs vere not ceterminec be-
couse of loc': of time but there vould scem to be little
reason to sus)yect susceptiibilit s to oaicrtion.

] 7) fese rch on the molvetion rrtes of certrin eluminum
nephthenates (ZL0 ¢ . OH/LCO0 ¢ 44 L WV.) incict te¢ thct the cet
and solvetion time in c. U. L, g sollne vae rel: tively insensitive
to temgercture over the cin,.e IGY F. to 90° b. thouyh ithe .cgnituce
of the cet anc¢ solvction times :&s rather lor.e. To check the
cheructeristic: . L very lov teqjer: tures the naonthenvte nentioned
above v. & screcned to itsa il o oene &lleC Lo gusoline ot - 10° F,
appurently there is en :brupt chengce In solvitlion ritle 10r the sot)
hec svelled bto only h.li the tot:l volume in i - 5 hours. f(ijures 1
end 2 1llustrete the change in set wnc soivation time anc the spreud
betvieen the tvo for the wost setisfeciqry rluminum ns hthenutes.
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SUkwIARY 2

Though edditional work is yet ‘to be done on the urmocifiea
aluminum noshthenates, research has progressed far enourh to indi-
cate soeps of véequate physiccl characteristics encé rutisfretory
gosoline gelliny =bility con be prepured in the lzbor-tery. ivrther-
more, the cheracteristics of the socps are so close to those of
the lNuoalm type there shouié be no unusuel production probleas.

Sinteriﬁg of perticles during the crying process wmirht
introduce more grinding Gifficulties then are met >roducin; L ulm,
but close control during precipitetion vil. minimize such troubles.

The nushthenctes jresared ot Ferro heve shotn no unusuecl
gelling oroperties but when ororerly formuleted coveured re sutis-
factory £s lupalm. Thus, though the oxicution recictince of the
two tyoes of soaps hcve not been compured extenzively, 1t vould seem
the greatest acventuge of the unmodified noohthenctes loy in their
oxicetion recistent structure.

suthor o . =3 ."‘.
tv 8. Elliott

Supervisor '\ W\/// ﬁ/{'/‘/"f/(/’ ==
G

" H. Liclhfyre
)
{
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Treatment
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TipLi 1.
Effect oi Salts on Najpelm Gel Strengths.
“lant. batch ;/45% - All surples drieG et szme humicity,

end Tempersture.

- -

P < hr. <4 hr. 46 hr.  Temp.

o »
HgO0 S04 Na 2 150° 150° N4 779 sprend.

2lent batch

Regular
Treatment

Plont betch
\.ached for 20
min. in running
water

2lent DBatch
\ached Z0 min.
Soaked Z0 min.
in 20,5 NugSOq
Solution

Plent Batch
i.ashed 20 min.
Soeked 20 min.
in o solution
conteining 105
NeoSO4 + 103
Mlunm
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Toble IV.

Effect of Precijpitetion Conditions on
Aluminum Nephthenates.

G. HuOH/ Precip. Soda Nuph Alum Time Precinitation [rying
1000 g Temp. Soap  Acid. Sulf. to Characteristics. Characteristics
Acid ° F. Corc. A. V. Conc. freecip.

] z Min.

Very soft
and mushy

Very scft
end mushy

Very fine
unsuticfactory
perticle.

2article size
good.

Very fine un-
satisfactory
particle.

Good part-size
2ort-soft.

rart size.
Slirhtly better
than 66°.

Purt. Soft,
hard to filter.

fart. fine but

filtered
easily.

RLoTIICTLL

tintered ocacly
sroke up eusily.

[ried to = hurd,
brittle mass.

Could be oroken
vith difficulty.

Coulc¢ be broken
with cifficulty.

Could be broken
with greect
cifficulty.
Could bz broken
vith grest
cifficulty.
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Gaole VI,
ilol sture Sorption - Unmodifiec¢ Aluminum lisphthenates.

G N=OH/ % H,0 Sorbed-
1000 g acid _p ieight Gain

Ted 1.0
hr... rrs.

0.05%

0. 076

0.084

0.043

0.047

0.074
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